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LAN CER AMP 


the ingenious combination of rare earth metals which is now 


conserving vital alloys and improving the physical proper- 
ties of cast and wrought steel. Every day greater tonnage 
of Lan-cer-amp treated steel is being produced. Write 


or call. Let us discuss our latest developments with you. 


3600 Forbes Street - Pittsburgh 13, Pa. 
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New Products 03 Pers 


Properties of Cast Steels impr ved with Rare Earth Element Additions 


Bethichem Forges Giant Rotor Disks 


Century of Progress 


Nonferrous Metals Engineer Faces Challenge Aft 


New Process Permits Many Metals to Be Tungsten Carbide Coated 103€ 


Watertown Arsenal Testing Machine Has 72 Years History of Service 
Research In Progress—-Abstracts of IMD Fall Meeting Papers 1039 


Tungsten Cobalt Carbon System 


Role of the Binder Phase in Cemented Tungsten Carbide Cobalt Alloys 


High Temperature Oxidation of Some tron Chromium Alloys 


Strain Patterns in Charpy !mpact Specimens of 0 2 Pet C Mild Steel 10€ 
Intermediate Phases in the M Fe C Mo Fe Ni and Mo Ni C Ternary 
System 107 

Kinking in Zinc Single Crystal Tension Specimens 1076 
Copper Zinc Constitution Diagram Redetermined in the Vicinity of the Beto a 


Phase by Means of Quantitative Metallography 


Dynamic Formation of Slip Bands im Aluminum 108 


Mechanical Properties of Intermetallic Compounds at Elevated Temperatures 


Strain Sensiteity of Commercial Purity Titanwm 105 


On the Reversal of the Strain Induced Martensitic Transtormation in the 


Copper Zinc System 
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18 Pct Cr 8 Pct Ni Steel 
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War on TA 


Koppers-Elex Electrostatic Precipitators 
| offer Guaranteed Rates of Recovery 


and Nuisance Abatement! 
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Stokes Microvac 


High v 


PCONOTIIK 


any Vacu 


Capacities of Stokes Microvac Pumps 
run from 15 to 5 . pressures 
to 10 microns abs Powet 

consumption ts low and the top-mounted 
motor contributes t mpact design 


requiring hoor Space 


Lubrication of the noving parts 


including the exhaust valve of corrosion 

resistant Teflon?) 1s tully automatic, 

There are no stutting xeS Or grease 

fittings, and no pa 

Parts are precision-finished, standard and 

interchangeabl from wear 

assures years of U Die-prooft service, 
Stokes is the only manufacturer of 

equipment for complete vacuum syst 

Microvac mechanical pumps, oi diffusion | 


McLeod Gages and Vacuum Valves. 


F. J. STOKES MACHIME COMPANY, 5596 TABOR ROAD, PHILADELPHIA 20, Pa. 
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Typical instatiation of Stokes Vacuum Pumps. i 
Send for new Vacuum Calculator for rapid a 
slide-rule calculations. includes stendard 
ABCD log scale. Also send for Catalog 700, 
“Stokes Microvac Pumps for High Vacuum” 
whens erence material. Consult with Stokes on the application of vacuum a 
to vacuum sintering, melting, de-gassing, heat treating 
inert gas purging, vacuum metalizing ind to 
‘ be 
STOKES MAKES 
d Plastics Moiding Presses, } 
Industrial Tabietting 
and Powder Metal Presses, 
Pharmaceutical Equipment, 
High Vacuum Pumps and Gages, 
Special Machinery . 
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increases durabilit 
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and keeps costs down 


im strength into this heavy 
ullivator and to Keep weight 
Pittsburgh Forgings Company 

used alloy 


lanks ims, and main trame 
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ivering is proot that many parts that must 
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steels that do not contain critical ele 
he three grades of U-S’S CaARILLoY used 
ARILLOY 5135 ind 5140 were st 
Pittsburgh Forgings Company vears 
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naximum strength and durability at 
ost 
tough to permit speeds up to 6 miles 
ivy soil, CARILLOY ster 
* to reduce cul 
thout ha 


units made of ordinary carbon steel 


USS Caril 


BURGH 


NITED 


well below the limit which the tractor lifting mech- 


inism os designed to carry, light enough to be easily 
shifted on the ground by one man 

CaRILLoy alloy steel does more in this equip- 
ment than provide increased strength, greater dura 
bility, and added resistance to wear It enables the 
manufacturer to safely decrease the size and weight 
of all heavily stressed parts, with the result that less 
steel is required and his costs can be kept well in 


Ine with competition 


vide experence with similar 
ve developed special 

it possible te obtain 

vm them. We will be 

ind heat treating 

ewe 

et Sale Office, 


» Wialham Penn Place 


loy Steels 


WAREHOUSE DISTRIBUTOR 
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TONS 


Vacuum 
Melted 


4 
PRODUCTION on vacuum melred metals that was formerly measured > 
Metals’ new expanded 
t ire capable of producing 5 tons per day of Gas Free High Purity 
and 
achieved 
ot these metals 
s electronic and 
hragms, instru 
r 
Metals now being vacuum melted include copper, nickel, iron, and 
lly on request 
VACUUM METALS CORPORATION 
PECIAL ALLOY Subsidiary of National Research Corporation * 
» Free META 70 MEMORIAL DRIVE, CAMBRIDGE 42, MASSACHUSETTS 5, 
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Harbison -Walker Refractories 


{ furnace in the iron and steel industry 


{ iron and steel 


for every type ° 


service 0 furnaces are 
To pros ide the ¢ xact kinds of retrac tories that will 
tion with greatest economy 


the complete 


intaim m produc 
range 


arbison W ilKeT ¢ 


pons, 


ret quirement 


qo 
P steel press 
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ill these 
classes fot evel 
of types and ch ao 
te 


Most Complete 


SPECIALIZED REFRACTORIES 
for IRON and STEEL producers 


BLAST FURNACE REFRACTORIES 


n half a century, Harbison-Walker 


» Refractories have been the leading 


Phe major portion of 
urrently installed in the United States, 


ind Mexic o are Harbison-Walker brands 


W 18 Pe. andH- 
rick. Exee 


BENEZET BF and H-W Ky. BF 


BLAST FURNACE STOVE REFRACTORIES 


Harbison-Walker brands of high duty and super 


tli the exacting 


requirements forstove linn domes and checkers. 


OPEN-HEARTH and ELECTRICAL STEEL 
FURNACE REFRACTORIES 


STAR SILICA 


VEGA 


‘ 


dition 
VEGA BOND 


CHROMEX B 


ite Drick 


hivh temy 


er 


CHROMEX 
METALKASE 


spalling tender 


H-W MAGNESITE 


H-W CHROME 
H-W MAGNAMIX 


OTHER Iron and Steel Furnace REFRACTORIES 


For the widely diversified furnace applications, 
Harbison-Walker provides refractories which 
meet every need. These include high-alumina 
brick of all classes Super duty and other classes 
of fireclay refractories: insulating fire brick: high 
temperature bonding mortars and ramming mix- 


tures pl istics and castables 


AND SUBSIDIARIES 


4 THE WORLD'S 

7 
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t GLC Graphite Electrodes per! 


ELECTRODE DIVISION 


( mreat Lakes Carbon Corporation 


Graphite Electrodes, Anodes and Specialties 


Sales office: ' Other offices: 


ais, 

GLU Graphite Electrode e Dbulit for qu ty every tex the way 


I—SAFETY GUARD t S—CORROSION LIQUID t t f lecting 


11 FORMING PRESS \ 


6—CERAMIC COATING 


7T—SURVEY METER t ' tor 


S—HYDRAULIC SHEAR 


2— STEREOMICROSCOPE 


S—VARIDRIVE MOTOR t 
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FURNACES... 


contributing annually 
Saeap million tons of pig iron 


world need for metallics 


i 


KOPPERS COMPANY, INC. 


Freygn Engineering 


Department 
Ashmore Benson Pease & Co . Stockton-on-Tees, ENGLAND 


109 WORTH WABASH AVENUE - CHICAGO 2, U.S.A. Associated with Pere, FRANCE i 


“METALLURGICAL PLANT DESIGN AND CONSTRUCTION 
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GREFCO 


BASIC BRICK 
For All Industry 


STEELKLAD For Tough Duty 


Take A Look At STEELKLAD 
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Metallurgists 


Teacher 


Sales Engineer, Metallurgist, at 


ent. Salary. $7000 to 
plover mav pay 


Chiet Engineer, t) elect il equiy 
\la 


Assistant Mill Superintendent 


Cut Zoet toa Minimum with 


THE 


DEMOLITION and REMOVAL 
EXPERTS 


Metallurgist 


I t M Y-t 


Metallurgist, recent 


Metallurgists, BS. MS. PRD. for THE BEST EQUIPPED 
ORGANIZATION IN THE FIELD 
epee ger FOR DOING THE JOB QUICKER, 
BETTER AND AT LESS COST 


Furnace Tear Outs 


Concentrator Metallurgist, 0 ¢ @ Salamander or Slag Removal 


Material Handling 


24 Hour Service, 7 Days —— 
Per Week 


World Wide Reputction 


Metallurgical Product Engineer, 
Removal Problem 


CHICAGO CONCRETE 
BREAKING CO. 


EDWARD GRAY, President 


PITTSBURGH, PA. GENERAL OFFICES: 
530 Wm. Penn Place @ 12233 Avenve 0, Chicago 33, Ili. 
Allantic 1+4674 BAyport 1-8400 
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ie ‘te heart « your fuel-fired furnace 


The better burner block ‘pt 


is TAYLOR SILLIMANITE! 


PRE-FIRED BURNER BLOCKS of Laylor Sill has superior resistance to shrink cracking 
manite (TASIL) are preferred by North or spa ling. TASIL ¢ r ¢ ities because 
American and a majority of leading furnace it ts ert in ( id t ducing 
and burner manutacturers for high tempera itr wres, has higher fusion pot and 
ture applications. TASIL ts specified because resistance to corrosion b mdustrial 
the block must hold ori ginal contour and iv I tr iting 
dimensions. ¢ ompared to blocks made of tire mneahng or forging turnaces woity LASII 
clay or most other refractory materials, TASTI burner blocks 


failure occurs at the time 


vou «an ram vour 


own TASIL Burner B . the job, with one of several 
PASIL Ram nu Mixes« red tor this pikation Burner 


Blocks which may be cas 1 ds. aur dried and 


placed service Can a de trom PASIL Pivdrocast 
the hydraulu-setung castable tor use to 40000 F Data on 


PASIL Ramin f No. 415 on 
TASIL Hydrocast, Bulletin No. 414. Woeite direct, or contact 


your Taylor tield representau for your free copres 


CHAS. TAYLOR SONS:. 


A SUBSIDIARY OF NATIONAL LEAD COMPANY 


Exclusive Agents in Conada: 
REFRACTORIES ENGINEERING AND SUPPLIES, LTO. <"' 


Hamilton and Montreal 
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with these NATIONAL CARBON AND GRAPHITE AND 


KARBATE IMPERVIOUS GRAPHITE PRODUCTS 


BRAND 


Pickling and unning are messy, expensive — and necessary : 
However, you can greatly reduce equipment maintenance costs : 
and improve plant housekeeping by making full use of these 
National Carbon products wherever service is dirty and tough : 
As is well known by manufacturers of your pickling and aes 
platung solutions, only carbon and graphite and 
impervious graphite withstand the “bite” of ee 
so wide a range of corrosive chemicals - D: | ee 
Use 
THEY’ RE 
TING 
CITROLYTIC 
An 
m = 
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st compinaoe ait conraminat capacity req 
; m anodes. are 
powe ms 
soluue —_ a 
: 
Als 
Tank Ro 
Graphite yon ce 
Hinat 
eat 
ad. Tube ideal aductty ity pick 
Shell ost erical co" in electro y 


ration 
and jing OF 
mps pric 
siphurts rorect solut! feet 
P quires 


sist 
arcas re 
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trade-marks of Cartide and Carton Corporation 
NATIONAL CARBON COMPANY 


A Division of Unter Cartede and Carbon Corpor stien 

WRITE FOR CATALOG SECTION—S-5005 20 Kast 42nd Street, How York 17, Now York 

District Seles Offices Atlanta, Chicago, Dalles, Kansse City 
New York Pittshurgh, San Francisco 


BLAST FURNACE LININGS + BRICK + CINDER NOTCH LINERS + CINDER NOTCH PLUGS - SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS + TANK HEATERS 
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Perromagnetic Propertic 

Alte DRDER YOUR BOOKS THROUGH 
AIME.Address Irene Sharp, Book 
Department Ten per cent discount 
given whenever possible Order Gow 
ernment publications direct trom the 


agency acerned 


Steel Detects and Their Detection 


PROFESSIONAL SERVICES 


Annual Keview of Nuclear Science, 
Vol 1 i of 


Progress in Metal Physies, Vol Ul 


The Measurement and Control of 
Temperature Industry, 


< 14 


ttwis 6 


The Cold Werking of Non Ferrous 
Metals and Alloys f f 


Instrumen Engineering Vol 1. 


Soluble Silteates, Vol. 1, 
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| xveen at the temperature it The molybdenum turns out malle- 


takes to melt it mols able and ductile because igh vacuum 
with oxygen ts not much us ten gets rid of the injurious oxvg 
gines, rockets, and other equipment Why. vou may ask, don't they just 
i tsta 5 is¢ a rt gas? Bear in mind that at 
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a little carbon. This ma pump, unig ' mor al to oper 
red into a crude stick which it reates the va ! the sizable 
serves as a su tr space needed f r the 1 ile series of 
an arc. The molt s caught mtinu perations and gets rid 
ay | which ser ther *t the ga ved 
trode while it builds uy to a halt In supplying equipment tor high 
ton ingot of malicabl ductal vacuum metallurgy, DPi pools its 


high vacuum research and engineering 


High vacuum 


develops muscles 


for “moly” 


own diversified experience in high 
vacuum technology with the experi 


en of leading manufacturers of 


In many other fields, too, where 
I rocessing has carned a 
Pp 


you with the vital details that add 


ip to efhcient, profitabic production 
Write to Distillation Products Indus- 
tries, Vacuum Equipment Depart- 
ment, & Ridge Road West, Roch- 
ster 3, N. Y. (Division of Lastman 


Also... vitemins A and E... distilled monoglycerides ... more then 3500 Eastman Organic Chemicals for science and industry 
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Only with specific purpose wheels engineered 
to your individual ways of working and to your 
objectives in each progressive step, can you 
hope to match competitive efficiency and econ- 
omy. Let us send a technically trained Engineer 
without cost or obligation to you, to show you 
how the 3-way gains from use of Electro Speci- 
fic Purpose Wheels can be introduced into your 
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Industrial Notes . . 


e The Amborge div. of American 
Brake Shoe Co. has placed its new 
steel forging plant at Azusa, Calil 
in operation. Eventually the 10,000 
sq ft plant will produce trom L000 
to 1200 tons of forgings per month 
Initial output will be 57 mm and 
75 mm shells. Other ordnance ma 
terial, aireratt parts, and commer 
cial forgings will be turned out tn 
the future 


| 
| 
plant. 
i With them, you'll get more and better produc- t t 
tion and you'll reduce your production costs. Ihe ' 
t 
$4 @ Nat 


Mexico's Secretary of Hy 
draulic Resources, Ing Adolto 
Orive de Alba contirmed the re 
port that an aluminum processing 
plant will be established in the 
valley of the Rapaloapan River at 
an initial cost of 100 million peses 
The plant will be near the Presi 
dente Aleman Dam, scheduled to 
produce 100,000 kw of electrical 


power 


Dry Type Transformers 


W.- use our rugged 
Hevi Duty furnaces for carburiz- 
ing, nitriding, hardening and nor- 


malizing parts for jet engine 

pumps,” says Russ Fike chief met- 

allurgist of the Pesco Products Co 

“We can carburize one load and 

4 nitride the next by simply chang- 
ing the atmosphere. Operating 
costs are at a minimum due to low 
ammonia consumption when nit- 
riding, and our maintenance costs 


are negligible. 
» Learn how the versatile Hevi 
Duty vertical retort furnace can 
solve your production problems, 
write for your copy of bulletin 
HD-646 today. 


DUTY ELECTRIC COMPANY 


——— MILWAUKEE 1, WISCONSIN ——— 


Heat Treating Furnaces... Electric Exclusively 
Constant Current Regulators 


HEVI 
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For the first tome im automotiwe history, a plastic die us being 
used in actual factory production te shape mayor steel panels 
The die is being used by Chrysler Corp at its Dodge Trucks 
div A standard 100 ton press, with o draw die made of plastic 
instead of steel has already turned out several hundred steel 


cowls 


- - a 
| 
nt iM n, te | t Re = 
t t na ia Me 
tional equipment for melting and proc 
eitne argor! rie r lt rrie 
Ke to tind the! t widespread tior 
4 eur t have toler march in the race 
nu tA a n, are ‘ thy iminun ndustrs 
i} } “ 
its } posed A K t 
the heap t { elect em which will come tron 
erated by damming the Yukon River at Miles Canyor ' 
YOVIET } ecent +} eat Whitel e Seve e ba 4 emait 
f the next five Whiler exact mume ( ernment pert be noeded f 
t rt t byt nit wate Second. the t ect equire 
that t! A tee i? ‘ ‘ ‘ y 
t nd tl ectric leve 
€ +} to} hed } ‘ be ments needed t perate ther Presently, there 
‘ Ind tert mear i, the iw f \ quire that much 
50 t f tt tt ht complet 
62 t. Estimated et steel | juction f ! e proje 
44 \ finance the entire ect vule 
t I n t nd wit 1 ecla ecelerated at tization ar- 
t { n met tor ind a} neeme! The ‘ eeded ) mpl 
: the great e eff na ‘ ment f + 4000 people wher 
‘ iat t ench econor mate i id 
19 [ juctior eached 200,000 tor Coppe ther than hydroelect t \lor with several alu 
t t t te te the nconvenience 
expected t ipbou A i i i 
mmed r the tuation witt 
shat ‘ oll Yet € the tated Ther time tan? eit edient in aluminun 
+) new educt ‘ instru- are H elect the he«t 
In ¢he ¢ ntime Al ntinue expe ment 
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Consumption of dead burned 
dolomite per ton of open hearth 
and electric furnace steel 


produced 1928-1951 d 
49 


just what is dead burned dolomite ? 


les. alone with elas and silt, The resultant product has been 

bey vartoustls called “double burned” 
“roasted ~ntered clinkered’ 
repared black and “dead 


wed, washed dolomite gran- 
tioned with a small per 
of iron oxide. travel through burned dolomite. O14 these designa- 
dholomute chewebog vere idles heated ta shave trons. dead burned is now the gen 
qualitr advantageous thes pass through the het gases erally accepted term, indicating as 


“ ‘ the parte les are first caleined tt cloes the hard dense. 


dat mvert. highly refractors 


up approxumately halt their wea 
carbon dicside. and then sintered quality of the material, 

shrank te dense. bard elinker- Dependable dead burned dolomite, 

Hhigh temperature reactions convert marketed under the well-Known trade 

oxnde lame and names Magnetfer and Svndoelag. 

magnesium oxide to Senne manulactured Basie Refractories 

‘ stlea te serve the refractory as tomeet the mdustey ever imereasing 


tread t ‘ td agent use of this refractors 


845 HANNA BUILDING CLEVELAND 15, OHIO 


NGINEERING IND SUPPLIFS, LID 
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esentat put fav in the twenticth entu But d 
Anot ) t that amit their take J The 
the expe IME ‘ ther talk about increasing wr facilitic wt 
euphe ‘ i ir d ind 
ttend IME ety bait dos not hie expense : mothe 
nls ‘ ore } h thir 1 ‘ ri the ‘ ret 
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Director ire ber forced ear! ‘ 
i; f the United State Ofter 
the intr Ge« pt eve ‘ ‘ 
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How Nickel Helps a Crusher 


SQUEEZE COSTS 


rehe 


mproved strength 


much 


with sm 


‘ 


endent upon 


Allent: 


taken 


Imens 


80.000 p.s.i 

51.000 p.S.1 
280 
58.3 


arbon content or 
veness in fre 


ices better response ti 


from vital parts 


your problems for our 


Through 


produc- 


to defense 
ble for the 


defense sup- 


67 WALL STREET 
NEW YORK 5, N.Y. 


= 
G KI HAFT 
\ 
‘ 
f Many forgings are so large thammmmiy part of the mass can be worked under the 
pre before the steel has to be Hiibated. These large sections of steel, typified 
by tl rusher shaft, so limit the cooling rate as to make hquid quenching 
ineffective 
| Consequently, hardness and other properties that prolong 
hfe of large forgings are Hil more dep wise selection of alloy 
content that the case all forgings 
Because of these facts, the large crusher shaft shown above was forged from 
: a 160,000-pound ingot of 2'4 per cent mckel steel produced, rough-turned 
ind heat-treated by the Bethlehem Steel Company, and finish-machined by the 
Traylor Engineering Company of Hiiiiibwn, Pa 
After normalizing and tempering, two tests on longitudinal specu, HEL 
fr ngation at mid-radius, averaged as follows 
Ter e Strength 
Vu Strenytt 
Flong. in 2 
Red. of Are 
T trengthening effect of nickel on ferrit 
heat treatment of the steel. and its effect 
perature of the upper transformation, ind NMED the necessarily 
! ler heat treatments used 
Nickel y steels may help you obtain peak performance [XE 
{ vour products or equipment. Send us the details of 
, iggestions. Write us now 
At present t of the nickel produced is being diverted | 
tion to the appropriate authorities, mickel is obtaina | 
hon of engineering alloy steels for many end uses in defense and 
—- 
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Properties of Cast Steels Improved 


With Rare Earth Element Additions 


by G A. Lillieqvist and C. G. Mickelson 


| 
{ 
| 
| 
‘ 
Foundries ast t 
ted at the Elect Furno 
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ertie the SFSA stand f the ertie ine 
exne n Table I 
i that when the LanCerAm, 
t f the t are It n be bserved w hie \ 
‘ ‘ i i + 
f benet t vert btuined, espe i ! 
} ndicated that the mate ia 
’ ? t? tu 1 eal ‘ ! i i 
t t ead The best {te the ! rie ‘ 
t f n the \r i ! ‘ 
\ 
iditior made. Wher ture 
mle +} tated. the 
ried ted t t ‘ hie ( i 
t f f 1 fe 
' cor hidon id ‘ 
t ‘ vere na ved t | f tor ct ‘ 
+) } ‘ ter ‘ } ‘ nad ‘ 
4 ent heat vere treated 
i ed the hest \ oad a> ? 
tine naditior ‘ t The LanCe teelf w ided t 
tant te whethe Thre Ame note 
‘ ein the time the 40 icor ‘ 
bon, 1.60 pct mar nese nd 0.40 pet and 
Mditios 10 st taining 0.40 pet carbon, 0.70 pct mat 
t 1040 pet n Re t nther mialize 
re fditior nd tempered at 9 nad ‘ ed \ 
‘ areore mi ed 
jafter th the LanCerAmy iditior Table I] these 
‘ 
7 
4 


Te mper Britth ne 


mparison of Low Temperature Impact and Ductility of 


60 Pct Manganese Steels as Quenched and Tempered 


( harpy Ked 
Area 
Pet 


Inclusions and Microstructure 


Fig Average ductihty low temperature umpact proper ' tie A su i 
Table 
Tensile 
strength 
ates Psi 
Keguter 
selenium 
Lanter Amp 2 
Kegular 
Selenian 
Lan€er imp ‘ 
; . 
\ im-manganest 
' 
I 
th A th T t 
how + th « to 
RNA FOMETA BER 
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Fig 3-—-In these photomicrographs of a normalized | 60 pct 


Mn steel. no difference im structure can be seen between 
the plain steel at the lett. and the steel with rare earth 
additions at the right 


ves used this double spiro 


ermine thuidity characteristics High 


are desirable tor proper tilling of m 


es and to tes the casting successtully 


In this assembly of the core mold tor the test 
castings, the thermocouple im a fused quartz tube s in 
serted into the pouring cup at a 45 angle This method 


produces accurate and reproducible pouring temperatures 
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> 
Fig. 4—American Steel 
t t ‘ te ‘ fluidity 
i gal t - 
the 
the terperature measuring equipment is show! 
veighs approximately 90 Ib and the large reserv 
AS between the two s} provided as a 
is ite of feeding the spira 
ment ricie it nd shop conditior 
, 
With tl type f test. comt vere conducted 
ties ntarwis te nyvanest ten with nd with 
fat about it additior f LanCerAmp. Heat f 0.30 pet carbor a 
These vere enched and tempt eda mee 0,40 uct n. 0.015 pet phi 
nd 25 The seleniur nd Lane nd 0035 pet sulphur were juced and 
tan mnredor ind ime while hie i i 
th th rh vere ip t the Tet 
iiloying effect of the rare earth elements must pla 
Note tl t sir t f structure betwee 
Fluidity 
: 


Fig 8S—This the 


actual test casting 


shown schematically 


n Fig 


This severe 

jicates a 

rating of 8 

the highest number 
t the s« 


« 
Amp improved the tludity of the 
The test casting used im these exper 
ment that show 4 
| 
3 
‘ ‘ ‘ 
tu t t + 
: 
Fig 9 his casting } 
ustrates a hot tear 
rating ‘ being a 
relatiwely ¢r ot hot 
tears 
al 
The gating systen th of res 
test ' i thot t 4 test 
bee ¢ sting 
ting yn be poured 
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Fig 11—Rare earth additions to this Grade 6 stee! con 
taining 0.035 pct S reduced hot tear ratings Similar curves 
nm other grades of steel! \ 


were obtained 


e! ‘ u t Table \ hows the ! Fig 12—Solidification temperature ot 160 pet Mn steel 
i btuined ‘ ‘ er ir basi was lowered from 2660 to 2640 F by addition of rare 
} tt eat The t \ taker n a earths This might be o contributing factor toward im 


proved fluidity and teedability 


Hardenability 


points have been obtained. Nort irop wa 

approximately 4 points. It belhheved the i i Because of the exceptional improvement In phy 
esponsible f j t hu ‘ pert especially in the juenched and tem 

I f \ t c elect muce ered condition, it was belheved that the addition of 


hardenability 


the 
t of the tee! I check factor | 
lominvy hardenability tests were conducted on the | 


Solidification Temperature high tensile steel. Regular end quenched harden 
t was believed that the LanCerAmp treated stee I tv pecimer were machined from 0.30. pet 


t treated with and | 


t! lockwell C uding were taken and curve 


observed 


identical 


ple protected nq la i 
he cente f the section. ‘ ‘ vere ot Tt ndicated that LanCerAmp had no effect on the 
tained of h te ‘ ter 1 juced with and } jenabilitv characteristics of the cast steel Addi- 
with t Lant Amp. Tt f the high tensile tior hecks were made with medium and low alloy 

' 60 t Mr 942 pet S tee These result t were milar mm that no 


obtained 


Table V Sulphur Reduction with LanCerAmp in Basic Open Hearth 
Steel 


sulpher 
lap sulphur After Lan€eriAmp sulphur Drep 
Pet Additions, Pet Pet 


Fig. 13—Almost identical hardenability results were ob 
‘ toined on this 160 pct Mn steel whether or not rare earth 
additions were made 
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CerAn the i}, condition has been ot 

‘ 

phu was take ‘ i sted tt lifference might be a high as 35 F oon 

ired in the n the hea ‘ tod It i ble that th differ 

hu Va ‘ i \ ht be a contributing factor towa d improved 

end of the pou Audit nd feedability. Again this is another facto es 

Experience inde | f LanCerAmp treated steel 
ce ‘ 

i 
rie rn with mn 

appears considerably more promising 
: con tent re iit new 

| 

} ¢} +7 ‘ \ \fte the i 

nt that might explair he | her fluidity chara wit! it Lan MTTh} tn 

} f stee pur were ired tted for the two stet Re ilt can be < 

+} tir tor ry 10 net hodium thermo n F 

0.015 pet P, and 0.032 pet ipparen 

Re t howed the LanCerAmp treated steei had wes! 

slightly lower fina lifica emperature tha wnt 

the intreated The tina lidificat n tempera 

for the LanCerAmp treated steel was 2640°F - 

wal 

| 
‘ 
‘ 
‘ 
19 
2 


traces of pinhole are eluminated 


t LanCerAmp as a ardizer as shown at lett 


sity resulting when special 


ardizer was 
seen at right 


Porosity 


test plate, gated int 
nm the pposife corner 


tormats + pinhole porosity 


The one 

crack starting 

heat attected 

nm the plate 

ntarming no add: 

n + LonCerAmp 

ws shown No cracks 

were observed on the 

stee! plote treated 
with rare earths 
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—_ used can be 
Weldability 
) tandpoint. While 
inet 4 j nt ead il! 
— ment are perf med 
ase POR Ty TEST PLATE ASTING iit In on e single bead 1. and ! 
i 
ere ‘ ed L hese 
ne comer ond with pop riser carefu examined. One sma 
tt tent treated with LanCerAmp. N 
‘ na wit ( \r 
a 
Ww. ot 
i 


and 
the test 


tangen- 


manganese 


teel were juced with and without LanCerAmp 
M 1 | te I ten at sit be tn ter is were 
2860 F and the iring ite Was Ca efully controlled 
ECTION One inch vert ut were sawed out of the center 


ground and 


thi 
thickne 


that the cemnte ne of the test ection Wa now 


exam- 


Fig The diagram shows how halves of beveled plates ne of the surface rt irface was etched in hot 
were first welded to a heavy channel section to prevent ry itic acid f Omin. Re ilts between the X-ray 
warping during the main welding operation na wn etch examinat n were imilar. although 
eetchi was considerably more critical. The slabs 

ler from the 10 in. test sections of both steels with and 

¢ ont +} it LanCerAm) } ved no nkage except 


Fig 19 Rare earth 


I rie the ect i! t Va tre ated steel! above 
welding tior \tte to the had solid metal tor 
the tw halve were welded togethne it a longer distance 
te erat ‘ ia lescribed trom the opposite 
nt et welds were end of the riser than 


the untreated steel 


would be encountered in welding LanCerAmp treated 19 illustrates tt 
_ In fact ind it ' vere that the LanCe Am} the , te ond of the ‘ the LanCe Amp heated 


in. as Com- 


lat t While the difference light, results again favor 
Saoainhility tect casting at the LanCerAmp treated steels. It is expected experi 


ied 


contin 


Conclusions 


pearance ol! renser Mat acture i , na At the esent time t can be observed from the 


t eved the LanCs mt 
: t cout bel i tl lL. \ eding nformation that, while the rare earth 


cure 
Zea stec teel problen t has helped improve many of 


imental effects 


LanCerAmp or 


dustry can be 


mpared t me of the wonder drugs in the medical 


fe n. There it { possibility that this new 


Fig 18—This teeda 
bility test casting 
developed by the 
Noval Research lab 
oratory, was used for 
all tests 


test tu ed The ‘ was 442 in. diam and 7 
f t! The width and height of 
ectlor were ihe casting wa gare i 
f the test sections. The surfaces were ZZ 
in X-ray examination made. Following; 
nation th vere machined t 
tic 
t ht o 
n had at ite effect mn the tial hardne ave ht cent ‘ igtt i 
t t t \r examinatiotr furi etching 
i i the \rhe 16 in. test sectior ) wed rie hrinkage or 
rie ‘ thy ten fo~ by *) tee The lub f om the 
} edt ‘ 
velded unde 
estraint. Fig. 1 hows how the halve f e plate SS 
— 
chipped off and the weided plate re! ved f he 
channel section. The ites were quenched and ten 
pered f wed ica id and 
tion. No defect ny indication of a 
tcn me exan ! i it ai 
cracking Was observed 
t t t u t litt the | \ ‘ te ‘ || 
treated steels were actually bie than Un teel had imetal t tance of ¢ 
te4 ntaining ? LanCerAn red to 5 n. { the lab from the heat with no os 
LanCerAmp added. These results fall in with 
‘ 
Feedability n and fit 
j +} R exe ch Laborat Wa ised ments on th ibje l be 
| Wal i al he 
Because of the shghtly lower final idification tem- 
perature of the Lan treated nd ‘ 
= to the steel itself a 
iddition wi pen new fields to the casting industry 
which heretofore have been classified a impractical, 
4 ind at the same time open new phases for research 
D. 1 Brown: Iron Age, January 1952 
C.D. Bet ind A. A. Dorvel: American Foundry- 
December 1951 
OCTOBER 1952, JOURNAL OF METALS—!03! ae 
id 


Initial operation im fabricating 
the rotor disk from a 92-in 
ingot takes place im the 7500 
ton torging press at the Bethle 
hem Pa. plent of Bethichem 
Stee! C ingot mold corruge 


trons ore still wesible 


At this point the ingot has been cropped and upset. Its 
diameter is being compressed and grain retined by knead 
ing action of the press 


tinushed to required The 18 ft diam forging could not be transported from shop 
this stage of the to shop by ordinary means, necessitating a specially ngged 
The rotor disk wos 


th imitec 


ring 


cause 


railway car permitting it to be tilted 
heat treated and rough machined at the Bethichem plont 
before being shipped to the NACA Materials handling 


forging the 


ned tor reheat 
problem was one of the most serious encountered 


. 
| F Giant Rotor Disk 
t treat 
7 
. a — ae 
The greater port of the prec 
thicknes engtheise path du 
Uh eft on coch side 
The tet tion reduced lips to thick 
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Nonferrous Metals Engineer Faces 


Challenge After C 


entury of Progress 


iced 


R W DIAMOND is Executive Vice President and B P SUTHER 
LAND is Technical Assistant to the Executwe Vice President, West 
ern Region the Consolidated Mining G Smelting Co of Canada 
Ltd. Tro, B C This 1s an abstract of an address presented at the 
Mineral Industries Symposium of the Centenmal of Engineering 
Chicago, Sept 8 and 9. 1952 
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e engines ‘ i we in hist j H cor 
t t t tion e been immeasurably great. H 
and re the snirit which responds to th 
hallenge of difficulti« He has taken the force md rau _ 
? ive f nat and if them ne Oy one 
enefit of mankind, so, in effect eating new natural re iD 
roe rhe ll continue to do ind hy adrancing 
rechnique vill make ’ est ‘ f 1 tnerhausttrl le 
But he must? nt ite in a greater way than ever be = 
re to maintain the esent pe tion and to | d upon it a ; 
hetter ¢ The mpact of scientific and 
il development ? ety na reated an Ititude 
f great and ever-increasing problen n thre mal, political or 
ind economic field | dea with these, the engineer 
needed j ca n fact the ld. t fake an ever 
Hroadening ew of I md ft develop ound 
pm ind object ‘ tre cidest The eng 
nee ne hace jyreatest chatlengeé 
by R. W. Diamond and B. P. Sutherland - 
NE hundred vea innual world production 200° furnace mizht now have from five to ten 
coppe Wa ‘ than 100,000 tor ind out Manu; educed t the minimum, = 
North Ame i the coppe ndustrv wa ist getting nd wort condition ure elatively pleasant : 
under Way the Lake Superio egior About ( ppe entrate from flotatior ilphide ore 
1880, copper | fuction began in Montana. Shortly mixed with fluxe ind fed directly to huge rever a 
after the turn of the centu mportant copper d berat furnaces, which may treat as much as Bll . 
posits were found in Chile and Africa, and improved tor f ct pe lay Coppe rriatte prod 
methods made ble the economic treatment na t riste ed t nvert where crude 
porphyry ore World copper | juction grew at ar Oppe esults from blowu i nto the molter 7 
accelerating rate In 1911 the n lon-ton pe yeu ith, burn fT the iiphur and i ng the in > 
mark was passed Present world productior puritie The ide coppe ther t into anode a 
nearly million tor ove 40 pet of which come f elect t efinu In th proce inder the : 
from North America mpelling f ‘ f electric potentia ind precisely ns 
Similarly, production of lead and zinc ha ! bY the iw worked it ft Farad ve 100 year : 
creased about 20 times in the same 100-ve« period the ppe n the anode i lved and the 3 
Present world output about 1°, million tor ot ire met nv t transported to cathode rhe . 
lead, and ipproaching on tor ot ne pe ve mad er ind antimor eleniun 
vear. In each case North Ame a contribute ibout telluriur nd othe puritie n the crude coppet me 
half the tota emai wk mud, whict ollected and a 
The copper smelter of only 50 ye igo Was treated ‘ f these iluable constituent 
place of dust and smoke, heat and hard labo Phe coppe thoce e rer ed trom the cells and s 
weeks were the rule. Piles of ore might be seen i These tremendou ivance chieved in copper . 
the open, burning and smoldering fe week ind tathu e been illeled t eat develoy 
ving off « muds of fume lestroyving ili vegetatye ment na meitit i refining 
for miles around. There were rows of smal stu It should be bse ed that ve pure meta ‘ * 
furnace where met iked the e in the heat and its from modert ennir processt for copper + 
othe mall furnaces for producing coppe matte ! mpurit ntent ha en kable effect or te 
To convert th matte to crude copper was a con the properties of the meta For example, the total = 
plicated Dusine r.ven afte ide coppe Nas of ee 
tained. there furthe heating nd ‘ 
emove mpuritic ttempts t produce mim 
In contrast, modern practice has been reduced t 
three basic stey 4 plant formerly having bout 
: 


t 
‘ 
' H Ame nd 
+} ‘ Dif? iltie 
‘ Within tw 
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ties a ist being ped. Titammun 
ead ‘ netituent of the eartl | 
na expe ‘ efined f r 
ows riot t i t ‘ 
| t t ead ‘ tance to salt water 
bette than eithe Its prope es atl 
t<tandir Titamun onlv at 
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ts n epeated. sin to titanium in 
4 t ul thie meta f the future 
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m. t f em Theoretically, it f uranium 
‘ ent to t nit O00 tor f coa Undoubt 
m) nd rheniun Fact est ‘ i pa 
; \ t { ris ! tome Weapor but mnindu 
na ‘ rrie re ink! the i\ i } 
nt Dt t the needs of mankind 
4 { crentist and et res plat ippl 
Some of the yreat change applied crenet ha 
T ht at t the nonfert metallurgical indu - 
ve thre i cent i \ t ive ou rene » 
nhehevat ise of these ind milar change n other eld 
i t f activity, mal new and great probien have beer 
pidit and developme! ind 
eated fe overnments, the people and thet 
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New Process Permits Many Metals 


To Be Tungsten Carbide Coated 
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Specifications and Properties of Flame Plated Tungsten Carbide 
Coatings 


Composition 
Hardness 

( eating Thickness 
surface 


Materials 


Precess 
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Vart shape 
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Thermal sheck Ke 
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Mechanical shock 


These samples represent sizes and shapes of Flame Plated 
re rods used in powder metallurgy Core rods must be 
able to take severe abrasion, in addition to being tough 
enough to withstand a certain amount t loading and 
deformation A hard coating of Flame Plated tungsten 
carbide over a strong steel base provides ideal combination 

of properties tor this application 
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heat trected boron sintered Flame Plated 


2 
ws high speed stee orbide tungsten carbede tungsten 


“22 


An extensive wear test on 14 different materials conducted 
The wear surfaces of this welded tube roll have been ver a two-year period showed thot a Flame Plated gage 
Flame Plated After finishing the coatings will be | ut wore all other materials The wear medium wos 
in thick Other ports now being tested tor tlame coating cylinder block cast iron The Flame Plated gage showed o 
are valve plugs, seat rings, balls, mill hammers cut off life of about 5 to | over a gage made of boron carbide 
dies, punches and other items and 3 to | over sintered tungsten carbide 
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Watertown Arsenal Testing Machine 


Has 72 Year History of Service 


Original hydraulic Emery Cells on the U S Testing Ma 
oat Watertown Arsenal in 1879 
placed by cells of 
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Research In Progress 


There 1s a vast amount of research work tor both Government and 
private industry now underway in the industrial, Government, and univer 
sity laboratories JOURNAL OF METALS brings you a summary of some 
of the outstanding projects, with abstracts or summarizations of the 
progress thus far on such work, prepared by scientists in charge of the 
activities. Descriptions of these research projects will be given in greater 
detail at the Fall Meeting of the AIME Institute of Metals Div, Adelphia 
Hotel, Philadelphia, at 2 pm Monday, Oct. 20, 1952. The papers will be 
presented in the same order as they appear here 


Magnetic Transfer of 18-8 Stainless Steel Recording Wire 


by Samuel Storchheim 


STORCHHEIM. formerly with Wilbur B Driver Co. Newark ee 
N Jj s now Senwr Metallurgical Engineer, Atomic Energy Div per 
Sylvania Electric Products Inc. Bayside N Y : 


Effect of Cycle-Sintering in the Powder Metallurgy Process 


by Hausner 
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H H HAUSNER is Manager Atomic Energy Engineering Sylvania 
Electric Products Inc. Bayside N Y and Adjunct Professor at 
Polytechorc Institute of Brooklyn Brooklyn N Y 


The Initial Phase of Sintering 


by H H Hoausner and J L Zambrow 


H H HAUSNER is Manager and J Lb ZAMBROW is Section 
Head Atomic Energy Engineering Sylvania Electric Products Inc 
Bovside N Y 


Effect of Grain Size and Density on Mechanical Properties 
Of Sintered Carbides 


by W G Lidman and H J Haman 
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WwW G LIDMAN is Senwr Engineer, Atomic Energy Div Sylvania 
Electric Products imc Bayside N Y and H J HAMIIAN is 
Research Metallurgist, Utica Drop Forge G Tool Co, Clayville N Y 


Origin of Spiral Eutectic Structures 


by R_ L. Fullman and D L Wood 


R L FULLMAN and D L WOOD are associated with General 
Electric Co, Schenectady, NY 


Growth of Cadmium lodide Crystals 


by Fullman and D L. Wood 


R L FULLMAN ond D L WOOD are associated with Genera! 
Electric Co. Schenectady, N Y 


Growth Spirals Originating from Screw Dislocations On 


Electrolytically Produced Titanium Crystals 


by M. A. Steinberg 
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Nucleation of Isothermal Martensite 


by J C. Fisher 


Time Duration of the Formation of a Martensite Plate 


And the Influence of Metallurgical Variables 


by R F Bunshah and R F Mehl 


MA TEINBERG 255 sted eith Hor:zon Cleveland 
( 
FISHER 3 ated with General Electric Research Lab 
tory Schenectady N Y 
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R F BUNSHAH ha ste and R F MEHL is Dore 
Metals Research Laboratory Carnegn nstitute Technology 
Pittsburgh 
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Research In Prog ress 


Quantitative Determination of Preferred Orientation 


by J. H. Bach and J B. Burnham, Jr 


J H BACH is Section Head, Atomic Energy Div. Sylvania Electric 
Products Inc Bayside N Y, and J B BURNHAM JR is with the a 
Phillips Petroleum Co, Arco, Idah« 


Twinning in Single Crystals of Titanium i 


by T S Liu and M A. Steinberg 


T S$ LIU and M A STEINBERG are associated with Horizons 
inc. Cleveland 
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Plastic Deformation of Silicon and Germanium 


by R G Treuting 


Specific Heat, Latent Heat of Fusion, And 
Melting Point of Germanium 


by E S Gremer 


Constitution of Germanium Rich Germanium-Gallium Alloys 


by E S Greimer 


R G TREUTING ] ated with Be Telephone Laboratories 
’ Murray H N J 
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Tungsten-Cobalt-Carbon System 


The phases and equilibria in the W-Co-C system have been studied 
by X-ray diffraction methods, metallographic technique, and thermal 
analysis. In addition to the » phase, two double carbides, called ” and 
have been revealed. The compositions correspond to CoWC and Co 
W C.. The reactions leading to these phases have been explained and 
tentative diagrams of stable and metastable equilibria proposed. The 
basic reactions in sintering cobalt cemented tungsten carbides are 

discussed 


et! 


Ternary Phases 


P RAUTALA is Assistant Professor of Metallurgy and J T 
NORTON. Member AIME. 1s Professor of Metallurgy, Massachusetts 
Institute of Technology, Cambridge, Moss 

Discussion on this paper, TP 3360E, may be sent, 2 copies, t 
AIME by Dec 1. 1952 Manuscript, April ! 1952 Philedelphia 
Meeting. October 1952 

This paper 1s based on a thesis by P Rautala submitted in 
partial fulfiliment f requirements tor the degree * Doctor of 
Science im Metallurgy at Massachusetts Institute of Technology 


May 195! 
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Role of the Binder Phase in Cemented 


Tungsten Carbide-Cobalt Alloys 


Experimental Observations 


} GURLAND, Junior Member AIME. is associated with Firth 
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High Temperature Oxidation of Some lron-Chromium Alloys 
The scaling characteristics of three Fe-Cr alloys have been in . 
vestigated by determining their weight gain vs. time curves at 1600 : 
to 2000 F. The scales formed thereby have been examined using 5 
the techniques of X-ray diffraction and spectrographic and metal 
lographic analyses in an attempt to explain the discontinuities in : 


the curves and to elucidate the mechanism of scaling 
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